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BACKGROUND OF THE INVENTION 

(1) Field of the Invention 

The present invention relates to a remaining recordable time calculation 
apparatus that can calculate a time period for which video streams can still be 
recorded on a recording medium, based on the use state of the recording medium. 

(2) Description of the R elated Art 

These days, as media for recording video stream s , random access recording 
media, such as optical disks or hard disks, are replacing tape medi a as media for 
recording video streams . To meet the need of this type of recording media, 
apparatuses for recording video stream data using a data compression method have 
started to be commercialized. 

Conventionally, a_free (unallocated) area of optical disks has been indicated 
in a unit such as a_bit or byte since optical disks have mainly been used for storing 
software or character image data. However, when an optical disk stores such data 
as can be expressed in a unit of time (e.g. video streams), the recording apparatus 
needs to show the free area of the optical disk in the unit of time converted from a 
unit of data amount. 

FIG. 16 shows a conventional recording apparatus 1600 which uses a data 
compression method in recording video streams on recording media such as 
optical disks. I ^The conventional recording apparatus 1600 includes the following 
components relating to its display fimction of a_free area: a (data) reading unit 
1610 which reads out information on the free area expressed in units of bytes from 
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the recording media; a remaining recordable time calculation unit 1620 that 
converts the unit of the amount of the free area from bytes to time; and a display 
unit 1630 that displays the amount of the free area converted into time (hereinafter 
referred to as 'remaining recordable time'). Specifically, a_remaining recordable 
5 time is obtained in the remaining recordable time calculation unit 1620 by dividing 
the free area by a compression bit rate, where the free area is obtained by 
subtracting the total size of recorded data from the capacity of the recording 
medium, ¥r4ieFe -and the capacity of the recording medium is the size of an area in 
the recording medium assigned for recording of video streams. 
10 Unfortunately, with the conventional recording apparatus 1600, the 

calculated remaining recordable time is not always reliable and it can happen that, 
for example, you can only record 29 minutes although the displayed remaining 
recordable time is 30 minutes. There are two possible reasons for this 
inconsistencYT-the . The first reason is that the compression bit rate is an estimate, 
15 thereby which g enerates a difference (hereinafter referred to as "fluctuation") 
between the estimated amount of data calculated from the running time of video 
streams using the bit rate and the actual data amount of the video stream after 
compression. The second reason is an "unwritable" area in the recording medium 
that is generated due to the fragmentation of storage area during storing, which is 
20 not incorporated in the free area which the calculation is based on. 

Also^ with the conventional recording apparatus 1600, the display unit 1630 
simply shows the remaining recordable time. Accordingly, users cannot recognize 
the ratio of an already allocated area to the capacity of the recording medium. 
Furthermore, the conventional recording apparatus 1600 does not display the 
25 amount of allocated space, or its running time for each stream. Therefore, users 
attempting to enlarge the unallocated space (i.e. to increase the remaining 
recordable time) will find it difficult to select which streams are t o be deleted. 

SUMMARY OF THE INVENTION 
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The first object of the present invention, in view of the stated problems, is 
to provide a most reliable apparatus for converting an amount of a_free area of a 
recording medium such as an optical disk into the remaining recordable time. 

The second object of the present invention is to provide a remaining 
recordable time calculation apparatus that enables users to grasp the remaining 
recordable time more easily. 

The first object of the present invention is achieved by a remaining 
recordable time calculation apparatus which includes: a management data read 
unit for reading a capacity of a recording medium and data sizes of the one or 
10 more video streams; a_calculation parameter holding unit for holding the following 
calculation parameters, (1) an estimate error value for estimating at least one oft an 
estimate error occurring during compression of a video stream, and a size of an 
unrecordable area inherent in the recording medium, (2) a standard bit rate being 
which is a bit rate that is used in compressing a video stream to be recorded on the 
15 recording medium; and a time calculation unit for calculating the remaining 
recordable time by dividing a free area size of the recording medium by the 
standard bit rate, where the free area size is obtained by subtracting the data sizes 
of the one or more video streams and the estimate error value from the capacity of 
the recording medium, 
20 This remaining recordable time calculation apparatus is structured to take 

into account an estimate error value when convertmg a_free area size of a 
recording medium into a_remaining recordable time. Accordingly, the displayed 
time period for which video streams can be recorded on an optical disk is 
guaranteed at the time of calculation. 
25 The first object can also be achieved by a remaining recordable time 

calculation apparatus which includes: a management data read unit for reading, 
from a recording medium, a_running time of the one or more video streams; a total 
time holding unit for holding a total time period for which recording is possible on 
a recording medium, (hereinafter referred to as 'a total time'), where the total time 
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feeiftg-is_obtained by first subtracting an estimate error value from a capacity of the 
recording medium^ and then by dividing the subtraction resuU by a standard bit 
rate, wherein an estimate error value estimating estimates at least one oft an 
estimate error occurring during compression of a video stream^ and a size of an 
unrecordable area inherent in the recording medium, and the standard bit rate is a 
bit rate that is used in compressing a video stream to be recorded on the recording 
medium; and a time calculation unit for calculating the remaining recordable time 
by subtracting the running time of the one or more video streams from the total 
time. 

10 This structure enables to obtain a remaining recordable time using a_running 

time of video streams to be obtained . 

The first object can also be achieved by a remaining recordable time 
calculation apparatus which includes: a management data read unit for reading, 
from a recording medium, a capacity of the recording medium and data sizes and a 
15 running time of the one or more video streams; a_calculation parameter holding 
unit for holding the following calculation parameters, (1) an estimate error value 
estimating at least one ofc an estimate error occurring during compression of a 
video stream^ and a size of an unrecordable area inherent in the recording medium, 
and (2) a standard bit rate being a bit rate that is used in compressing a video 
20 stream to be recorded on the recording medium; a total time holding unit for 

holding a total time of the recording medium, where the total time is obtained by 
first subtracting the estimate error value from the capacity of the recording 
medium and then by dividing the subtracted result by the standard bit rate; a first 
time calculation unit for calculating a_first remaining recordable time by dividing a 
25 free area size of a recording medium by the standard bit rate, where the free area 
size is obtained by subtracting the data sizes and the estimate error value from the 
capacity of the recording medium; a second time calculation unit for calculating a 
second remaining recordable time by subtracting the running time from the total 
time; and a selection unit for selecting a shorter one of the first and the second 
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remaining recordable time^ so as to present the shorter time as the remaining 
recordable time to esersauser. 

This apparatus is structured to perform two kinds of calculations for 
remaining recordable time^ so as to obtain a^shorter recording time of the two 
calculation results. Therefore^ the structure enables to show users a_more reliable 
remaining recordable time. 

In order to achieve the second object of the present invention, the remaining 
recordable time calculation apparatus may further include a display unit for 
displaying the remaining recordable time selected by the selection unit, wherein 
10 the display unit displays either a ratio of the free area size to the capacity of the 
recording medium, or a ratio of the remaining recordable time to the total time, in 
a graphical form. 

This structure enables graphical representations of a ratio of remaining 
recordable time. 

15 Furthermore, the remaining recordable time calculation apparatus may 

include an instruction receiving unit for receiving a user selection of a video 
stream out of the one or more video streams, and a display unit for displaying the 
remaining recordable time selected by the selection unit, wherein the display unit 
displays either a ratio of a compressed data size of the selected video stream to the 

20 capacity of the recording medium, or a ratio of a running time of the selected 
video stream to the total time, in a graphical form. 

This structure enables users to have- grasp a graphical gFasp-representation 
of a data amount or a running time of a video stream stored in a recording medium 
or that is_expressed in units of time, when the users are attempting to delete the 

25 video stream to increase the free area. 

Furthermore, the remaining recordable time calculation apparatus may 
include a stream decoding unit for decoding a compressed data of the video 
stream, wherein the display unit further displays an image of the video stream 
decoded from the stream decoding unit. 
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This structure enables to show users contents of a video stream^ when they 
are attempting to delete the video stream after checking the remaining recordable 
time. 

Furthermore, the management data read unit may read compression bit rates 
recorded in a_one to one relation with the running time of each of the one or more 
video streams, and that-the time calculation unit may obtain_a remaining 
recordable time by subtracting adjusted running time of each of the one or more 
video streams from the total time, where t he adjusted running time being is 
adjusted according to a ratio of the compression bit rates to the standard bit rate. 

This structure enables a_calculation of a_remaining recordable time using 
the running time stored on a recording medium, even for whese- an installed 
recording apparatus is installed having several bit rates for the compression of 
video streams,_by using such functions as recording mode switching functions. 

Furthermore, the remaining recordable time calculation apparatus may 
include a management data write unit for writing a_running time, a corresponding 
compression bit rate, and a data size of a video stream to be added, and the 
capacity of the recording medium to the recording medium as the management 
dat a, wherein the . The management data read unit reads out the running time, the 
corresponding compression bit rate, and the data size of the video stream to be 
added^ and the capacity of the recording medium , written that are written by the 
management data write unit. 

This structure enables a^calculation of_a more accurate remaining 
recordable time since it bases the calculation of remaining recordable time on 
information that the remaining recordable time calculation apparatus itself writes 
when recording video streams. 

Furthermore, the running time and the data sizes of the one or more video 
streams, and the capacity of the recording medium may be included in 
management information generated in accordance with a recording standard of the 
recording medium. 



This structure does not require that the remaining recordable time 
calculation apparatus write necessary data for the calculation of a.remaining 
recordable time on a recording medium. Therefore, this structure enables a 
calculation of a.remaining recordable time for every video stream recorded in 
accordance with a recording standard of the recording medium. 



BRIEF DESCRIPTION OF THE DRAWINGS 

These and other objects, advantages and features of the present invention 
will become apparent from the following detailed description thereof when taken 
10 in conjunction with the accompanying drawings to^ which illustrate a specific 
embodiments of the present invention. In the drawings: 

FIG. 1 is a block diagram showing a structure of a remaining recordable 
time calculation apparatus relating to the first embodiment; 

FIG. 2 is a diagram representing compressed stream data and corresponding 
15 management data held in an optical disk relating to ^le-a^first embodiment of the 
present invention ; 

FIG. 3 is a table representing contents of calculation parameters relating to 
the first embodiment; 

FIG. 4 shows a remaining recordable time display screen displayed on a 
20 display relating to the first embodiment; 

FIG. 5 is a flow chart showing a flow of remaining recordable time 
calculation which is p erformed by a remaining recordable time calculation 
apparatus relating to the first embodiment; 

FIG. 6 illustrates a structure of a remaining recordable time calculation 
25 apparatus relating to the-a_second embodiment of the present invention; 

FIG. 7 is a diagram showing compressed stream data and corresponding 
management data stored in an optical disk relating to the second embodiment; 

FIG. 8 shows a remaining recordable time display screen displayed on a 
display relating to the second embodiment; 
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FIG. 9 is a chart showing a stream display screen displayed on a display 
relating to the second embodiment; 

FIG, 10 is a flow chart showing a flow of remaining recordable time 
calculation which is p erformed by a remaining recordable time calculation 
apparatus relating to the second embodiment; 

FIG. 1 1 shows management data recorded on an optical disk in the-a_variant 
form of the second embodiment; 

FIG. 12 shows an example of a_storing place and data structure of bit rate 
information; 

FIG. 13 is a block diagram showing a structure of a remaining recordable 
time calculation apparatus relating to the-a,third embodiment of the present 
invention ; 

FIG. 14 is a diagram showing compressed stream data and corresponding 
management data recorded in an optical disk relating to the third embodiment; 

FIG. 15 is a flow chart showing a flow of remaining recordable time 
calculation which is performed by a remaining recordable time calculation 
apparatus relating to the third embodiment; and 

FIG. 16 shows a structure of a conventional remaining recordable time 
calculation apparatus. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The following is a description of preferred embodiments of the present 

invention, with reference to the drawings. Please note that each embodiment is 

premised on the use of an optical disk as a recording medium that can be both read 

jfrom and written on. 

1. First Embodiment 

The following remaining recordable time calculation apparatus according to 

the first embodiment of the present invention calculates a_guaranteed remaining 

recordable time of video streams, by taking into account both fluctuations that 
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result during compression, and an unwritable area on the optical disk. The 
following description begins with the construction of the remaining recordable 
time calculation apparatus and then moves to the operation thereof . 
(Construction) 

5 FIG. 1 illustrates a remaining recordable time calculation apparatus 1 and 

rekted-extemal apparatuses which are related to this remaining recordable time 
calculation apparatus 1 . The remaining recordable time calculation apparatus 1 is a 
part of a personal computer equipped with functions for reading data from an 
optical disk, reproducing the read data, and writing data to the optical disk. The 
10 related extemal apparatuses include a display 5 and an optical disk 6, where the 
display 5 is used to display the calculated remaining recordable time or video 
streams that are reproduced from the recorded data on the optical disk_6, and the 
optical disk 6 is a recording mediuim medium that can be both read from and 
written on. 

15 The remaining recordable time calculation apparatus 1 includes the 

foUowings: a data read/write unit 1 1, a time calculation unit 12, a display control 
unit 13, a stream reproducing unit 14, a compression unit 15, a user instruction 
receiving unit 16, and a storage unit 17. The time calculation unit 12 is equipped 
with a CPU 121 and a memory 122. 

20 The time calculation unit 12 and the display control unit 13 play a major 

role for the calculation of a_remaining recordable time. When the optical disk 6 is 
inserted in the data read/write unit 1 1 (which is an optical disk driver device) and a 
user instructs the user instruction receiving unit 16 to display the remaining 
recordable time, the time calculation unit 12 performs aLcalculation using 

25 calculation parameters stored in the storage unit 17 and the-management data 

stored in the optical disk 6. The calculation result is sent to the display control unit 
13, which, in turn, commands the display 5 to show a graphical representation of 
the result. 
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See the following fo r Hereinafter. a detailed description relating to the 
calculation of a_remaining recordable time is given with reference to the 
components of the remaining recordable time calculation apparatus 1 . 

The data read/write unit 1 1 is an optical disk driver device and performs 
5 both writing of compressed stream data (i.e. compressed video stream data) onto 
the optical disk 6 and reading of compressed stream data from the optical disk 6. 
In reading, the data read/write unit 1 1 reads out the compressed stream data of 
users^ a user's choice and outputs the read data to the stream reproducing unit 14. 
The stream reproducing unit 14, in tum, reproduces the video stream (i.e. image 

10 and audio data obtained from television programs or taken through home videos) 
after decoding the compressed stream data, and orders the display control unit 13 
to command the display 5 to display the result. In writing, the data read/write unit 
1 1 writes the compressed stream data sent from the compression unit 15 on the 
optical disk 6. The compressed stream data sent from the compression unit 15 

15 results from compression, at a given bit rate, of video streams from a connected 
tuner or input terminals outside FIG. 1. 

Also, the data read/write unit 1 1 writes/reads management data that is 
required for a remaining recordable time calculation process on/from the optical 
disk 6. When writing compressed stream data for the first time in an initialized 

20 optical disk 6, the data read/write unit 1 1 generates a management data file, and 
writes, in that file, a piece of corresponding management data to the first piece of 
compressed stream data. After that, each time the data read/write unit 1 1 writes a 
piece of compressed stream data, i ^the data read/write unit 1 1 also creates its 
corresponding management data and writes i ^the management data in the optical 

25 disk. When deleting existing compressed stream data from the optical disk, the 
data read/write unit 1 1 also deletes its corresponding management data from the 
management data file. When receiving a_management data reading order from the 
time calculation unit 12 responding to a user instruction to display a_remaining 
recordable time from the user's instruction receiving unit 16, the data read/write 
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unit 1 1 reads the content from the management data file on the optical disk, writes 
the read content in a given area in the memory 122 of the time calculation unit 12, 
and netify-notifies_the time calculation unit 12 of the completion of writing. 

The following is a description of the required data for the remaining 
recordable time calculation which is written by the data read/write unit 1 1 to an 
optical disk. 

FIG. 2 represents compressed stream data and corresponding management 
data stored in the optical disk 6. In this optical disk_6, there are three pieces of 
compressed stream data a, b, and c (hereinafter collectively referred collectively to 
10 as a compressed stream data 21 unless specified individually) and corresponding 
management data 222a, 222b, 222c respectively (hereinafter collectively referred 
collectively t o as a management data 222). Each piece of the compressed stream 
data 21 is obtained from the compression of a piece of video data comprising of 
image and audio data obtained fi-om television programs or taken through home 
15 videos. The compression unit 15 performs compression in accordance with the 
MPEG (Moving Picture Encoding Group) standard. 

The management data file 22 includes, other than the management data 
222, identification information 220 (represented as a character-string "MGMT" in 
this figure FIG. 2 ) and disk size information 221 which indicates the capacity of 
20 the optical disk 6 (which is the total size of an area assigned for recording the 
compressed stream data as expressed in units of gigabytes(GB)). The 
identification information 220 is generated by the data read/write unit 1 1 when a 
management data file 22_is generated. Likewise, the disk size information 221 is 
generated by the data read/write unit 1 1 when generating the management data file 
25 22, by copying the disk capacity information stored in the management 
information area of the optical disk_6. 

The management data 222 comprises the following two items: a stream ID 

2221 which indicates the corresponding compressed stream data; and a data size 

2222 which indicates the compressed stream data size (as expressed in units of 
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GB). The information of the compressed stream data size is obtained from the 
compression unit 15. 

The management data file 22 is held on the optical disk 6 as a general file. 
When accessing the management data file 22, the data read/write unit 1 1 retrieves 
the management data file 22 by searching for the identification information 
"MGMT" in the general file area. 

The time calculation unit 12 calculates the remaining recordable time by 
making the CPU 121 execute a calculation program which is stored in the memory 
122. The memory 122 temporarily stores data which is read during the remaining 
recordable time calculation process a^d- as well as intermediate results. 

The time calculation unit 12 calculates the remaining recordable time by 
using the content of the management data file and calculation parameters. Here, 
the following description is confined to the calculation parameters, since the 
management data file was already explained. 

FIG. 3 represents the contents of calculation parameters 300 that are held in 
the storage unit 17. There are two kinds of calculation parametersf-^a time 
conversion parameter 31 and an estimate error value 32. The above parameter 
information is initially stored in the storage unit 17 at the time of the shipment. 

The time conversion parameter 3 1 signifies the average size of a given 
length of a_video stream after compression. ft -The time conversion parameter 3 1 is 
shown in units of GB/min. Specifically, i ^the time conversion parameter 3 1 shows 
the amount of GBs obtained by compressing a video stream whose running time is 
one minute, where the running time signifies a_time period for which the video 
stream is reproduced. Therefore, 0.05 GB/min means that a one minute length 
video stream is compressed to be 0.05 GB/min. (That is, a 30 minutes length video 
stream could be stored as 1.5 GB compressed stream data in an optical disk.) This 
value is equal to the compression rate of the compression unit 1 5 (hereinafter 
referred to as a bit rate). As was already mentioned, however, a bit rate is an 
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estimate and causes an error in the actual compression where the " 1 minute length 
of video equals 0,05 GB" formula is used. 

The estimate error value 32 is a value that is meant for correcting the gap 
between the estimated remaining recordable time obtained from a_free area in the 
disk by using the compression bit rate, and the actual remaining recordable time of 
a_video stream. There are two thinkable understandable reasons for this gap: a 
fluctuation occurred during compression^ and an unwritable area in the disk (i.e. 
fragments in the disk generated due to the fragmentation of recorded data). 

A fluctuation, here, is a difference between an estimated amount of data 
calculated from the time length of the video stream to be compressed and the bit 
rate that the compression device uses, and the actual data amount of the 
compressed stream. The compression device (i.e. the compression unit 15 in this 
the first embodiment), although performing compression according to the bit rate, 
cannot have the estimated result in accordance with the bit rate due to the nature of 
the video stream(for example, an image which has vigorous movements). 

The estimate error value 32 (which is 0.1 GB in this example ) is set based 
on internal transactional specifications inside the compression unit 15, test results 
accumulated during its development process, or information on occurrence the 
frequency of occurrence and the size of unwritable data area. 

The following is a detailed description of the remaining recordable time 
calculation process, using the management data file and the calculation parameter 
shown in FIG. 2 and FIG. 3 as an example. The time calculation unit 12, upon 
receiving from the data read/write means unit 1 1 a notification of the completion 
of the writing of a_management data file content onto the memory 122, reads the 
calculation parameters 300 from the storage unit 17, and starts the calculation. 

First, in the calculation, the time calculation unit 12 obtains the size of a 
free area in the optical disk 6, based on the content of the management data file 22. 
Concretely, the time calculation unit 12 i t-subtracts an already recorded 
compressed stream data size(i.e. the sum of the amount of each piece of 
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compressed stream data shown by the management data 222) from the total 
capacity of the optical disk 6 which is represented as the disk size information 
221. Therefore: 

5.0-(l. 03+0.80+1. 52)=1. 65 GB 
is obtained. 

Next, the time calculation unit 12 subtracts the estimate error value 32 (i.e. 
0.1 GB) from the above obtained free area, in order to obtain an area size which 
reflects the compression error and the unwritable area (hereinafter referred to as 
"guaranteed area size"): 

1.65-0.1=1.55 GB 

Then, the time calculation unit 12 determines a_remaining recordable time 
by dividing the guaranteed area size by the time conversion parameter 3 1 (0.05 
GB/min): 

1.55 (GB)/0.05 (GB/min)=31 (min) 

The time calculation unit 12, after performing the calculation, stores the 
resulting remaining recordable time value, the capacity of the optical disk 6 
obtained from the management data file 22, and the free area of the optical disk 6 
obtained in the calculation of the remaining recordable time, in the given area in 
the memory 122, and then commands the display control unit 13 to display the 
remaining recordable time. 

The display control unit 13 generates data for a graphical representation of 
the remaining recordable time display screen ^ for the graphical representation, and 
displays a remaining recordable time display screen on the display 5. 

FIG. 4 shows a remaining recordable time display screen 400 that the 
display control unit 13 makes the display 5 te-display. 

The remaining recordable time display screen 400 shows a recording time 
chart 410, which is a percentage bar chart that represents the ratio of both 
allocated and unallocated area sizes, to the capacity of the optical disk (as-assumed 
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as 100). In the recording time chart 410 , a remaining recordable time 401 is 
displayed in the portion of the graph corresponding to the unallocated area. 

Note that "H" signifying the height of the recording time chart 410, "W" 
signifying the width, "XO" and *'Y0" both signifying the display location, and 
"Wl" signifying the starting position of the portion corresponding to the remaining 
recordable time^ are inserted for ease in understanding the remaining recordable 
time screen 400 in the Figure FIG. 4 , and- but are not displayed in the actual screen. 

The display control unit 3 generates data for the remaining recordable time 
display screen 400 - by using format information for the remaining recordable time 
10 display screen, X and Y (height and width) information of the screen of the 
display 5, and the information from the memory 122 inside the time calculation 
unit 12 (i.e. the remaining recordable time value, the capacity of the optical disk 6, 
and the free area size of the optical disk 6). Among the above information, the 
format information for the remaining recordable time display screen comprises of 
15 a relative value for the height of chart "h," a relative value for the width of chart 
"w," and a relative value of display location of graph (x, y) assuming that-the 
height and width of the screen to both be both- 100, and the format information is 
stored in the display control unit 13. X and Y (height and width) information is 
acquired by the display control unit 13 from the display 5, when the display 5 is 
20 connected to a personal computer including the remaining recordable time 
calculation apparatus, and is held in the display control unit 13. 

The following is the specific procedures for the display control unit 13 to 
generate data for the remaining recordable time display screen 400. 

First, the formulae for calculating the display location (XO, YO), the chart 
25 height "H", and the chart width "WO" are as follows^ respectively: 
X0=X*(x/100) 
Y0=Y*(y/100) 
H=Y*(h/100) 
W0=X*(w/100) 
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"Wl," which signifies the size of an allocated stream area in the optical 
disk, is calculated as the foUowin g foUows : 

W1=W0*((S-S0)/S), 
WhaFe -where "SO" represents the free area in the disk, and "S^" represents t he 
capacity of the disk. 

Finally, the display control unit 13 determines the display location of the 
remaining recordable time 401 in the recording time chart 410 based on this value 
"Wl," and sends the other resulting data and the data for drawing the chart to the 
display 5, which in tum displays the remaining recordable time screen 400. 
(Operations) 

The following is a description en-of the operations which are p erformed by 
the remaining recordable time calculation apparatus J_in #ris -the first embodiment 
with reference to drawings. 

FIG. 5 is a flow-chart of the remaining recordable time calculation process. 

First, the disk 6_is inserted in the driver device which is the data read/write 
unit 11. The user instruction receiving unit 16, receiving a user's instruction, 
instructs the time calculation unit 12 to start the remaining recordable time 
calculation (S501 :YES). Then, the time calculation unit 12 instructs the data 
read/write unit 1 1 to read out the data stored in the management data file 22. The 
data read/write unit 1 1, in turn, stores the read data (i.e. the value of the disk size 
information 221 and the management data 221) in the memory 122 (S502). 

The time calculation unit 12 sets the initial value of the free area to the 
value of the disk size information 221 (S503). Then , the time calculation unit 12 4t 
applies the process of subtracting the compressed stream data size (obtained from 
the management data 222) from the initial value (S506), to every piece of stream 
data (S504, S505, S507). Then, i ^the time calculation unit 12 obtains the 
guaranteed area size by subtracting the estimate error of the calculation parameter 
32 firom the above calculated value abeve-(S508). 
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Next, the time calculation unit 12, by dividing the above obtained 
guaranteed area size by the value of the time conversion parameter 31, calculates 
the remaining recordable time (S509). Then, the time calculation unit 12 instructs 
the display control unit 13 to display the remaining recordable time display screen. 
Receiving this instruction, the display control unit 13 reads the data such as the 
remaining recordable time from the memory 122, and obtains the display location 
of the chart remaining time 410 in the remaining recordable time display screen 
400 (S510). 

Tha -Then, the display control unit 13, thenrobtains "Wl" (see FIG. 4) using 
the values of both the capacity S_and the free area SO size of the optical disk 6. 
Then^-it in tum, by using "Wl," the display control unit 13 obtains the display 
location of the remaining recordable time 401 in the remaining time chart 410 
(which is to show the ratio of the allocated area to the optical disk capacity) 
(S5 1 1). Then^ the display control unit 13 g enerates the required data which is 
required for the remaining recordable time display screen 400 by using all the 
calculation results and the screen format information, and finally i ^the display 
control unit 13 displays the remaining recordable time display screen 400 on the 
display 5 (S5 12). 

(Conclusion) 

In this first embodiment the remaining recordable time calculation 
apparatus 1, in converting the free area of the disk to a_remaining recordable time, 
subtracts, from the free area, the estimate error value reflecting the compression 
error and the unwritable area in the optical disk. Accordingly, the remaining 
recordable time of the video stream shown for users is guaranteed at the time of 
calculation. In addition, as shown the remaining recordable time display screen 
400, users can recognize the disk as to its use state. 

2. Second Embodiment 
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The following is a description of a remaining recordable time calculation 
apparatus according to the second embodiment of the present invention. The 
remaining recordable time calculation apparatus in thie -the second embodiment 
stores a_running time of each compressed stream data as management data in an 
optical disk, and thereby calculates the remaining recordable time. 

FIG. 6 illustrates the structure of a remaining recordable time calculation 
apparatus 2 m-tlMs according to the second embodiment. Here, components that 
perform the same process as those of the first embodiment are assigned the same 
reference numbers and will not be described. The content of the management data 
10 in the optical disk 6, and the processes in the time calculation unit 22 and in the 
display control unit 23 are unique to this embodiment. 

The first description is on the management data on the optical disk 6 will be 
described first . 

FIG. 7 is a chart showing compressed stream data and its management data 
15 stored m-on the optical disk 6. In the optical disk 6, three pieces of compressed 
stream data a, b, c, and the management data file 70 which includes management 
data 71a, 71b, 71c (hereinafter collectively referred collectively to as 
"management data 71") corresponding to each piece of compressed stream data are 
stored . 

20 The management data file 70 includes, other than the management data 71. 

identification information 220 and disk size information 221 (as in the first 
embodiment). 

The management data 71 comprises of the two items: a stream ID 71 1 
which identifies each corresponding compressed stream data; and a_running time 
25 712 (in units of mfflrte minuts ). The running time 712 shows the running time of 
each compressed stream data identified by the stream ID 71 1, when 4t- the stream 
data is decoded and displayed as a video stream. The above obtained running time 
does not always correspond to the time that is obtained by the division of the 
compressed stream data size by the time conversion parameter (i.e. bit rate). The 
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management data 71 in FIG. 7 shows that the running time for the three 
compressed stream data pieces are, 20 minutes, 16 minutes, and 30 minutes, 
respectively. 

The management data 71, as- similar to the management data 222 in the first 
embodiment, is generated and stored by the data read/write unit 11, when i^the 
data read/write unit 1 1 w rites the compressed stream data m-on the optical disk 6. 
Running The running time information may be obtained from the compression 
unit 15. Qf -Alternatively. the data read/write unit 1 1 may calculate the running 
time based on the time stamp information. The time stamp information is created 
10 as management information, when the compressed stream data is written on the 
optical disk 6. The time stamp shows a starting time and a completing time of the 
compression or the writing for each stream data. Therefore, the r unning time is 
obtained by subtracting the starting time from the completing time. 

The time calculation unit 22 calculates a_remaining recordable time by 
15 using the management data and the calculation parameters. The calculation 
parameters are the same as those of the first embodiment. 

The following is a detailed description of the remaining recordable time 
calculation process using the management data 71 and the calculation parameters 
300 . The time calculation unit 22, upon receiving, from the data read/write means 
20 unit 1 1, a completion notice of the writing of the management data file content 70 
on the memory 122, reads out the calculation parameters 300 stored in the memory 
17, and starts the calculation. 

First, the data read/write unit 1 1 obtains "the capacity of the disk in time 
unit," based on the management data file 70 and the calculation parameters 300. 
25 Here, "the capacity of the disk in time unit" shows how many minutes of video 
streams are able to be recorded, in the aggregate, on the disk, by_taking into 
consideration the estimate error or the unwritable area. Specifically, the capacity 
value is obtained by: first subtracting the estimate error 32 of the calculation 
parameters 300 from the capacity of the optical disk 6 which is shown by the disk 
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size information 22 1 ; and secondly dividing the above-calculated value by the 
time conversion parameter 3 1 of the calculation parameters 300 . The following is 
the formula: 

(5.0 (GB)-O.l (GB))/0.05 (GB/min)=98 (min) 

Next, the time calculation unit 22 further subtracts the running time of the 
already recorded compressed streamed data. Finally^ using the above result, the 
time calculation unit 22 obtains_a guaranteed running time of video streams that 
can be recorded on the free area of the disk 6 (i.e. guaranteed remaining recordable 
time), taking into account the estimate error and the unwritable area. That is: 

98-(20+16+30)32(min) 

The time calculation unit 22, after calculating the remaining recordable 
time, stores the resulting remaining recordable time and the contents of the 
management data file 70 in the given area of the memory 122, and then orders the 
display control unit 23 to display the calculated remaining recordable time on the 
display_5. 

Next. the The following is a description of the process that the display 
control unit 23 performs. The display control unit 23, along with representing the 
remaining recordable time graphically, displays the screen showing a_running time 
of a particular compressed stream data of a user's choice user s ' choise , on the 
display_5 . This process is necessary because users sometimes want to delete 
recorded compressed stream data in order to increase the fi"ee area of the disk (i.e. 
in order to enlarge the remaining recordable time). That is, this process displays 
necessary information for users for selecting which streams are to be deleted-^ 
users . 

Therefore, the display control unit 23 makes the display 5 te-display two 
kinds of screens. 

FIG. 8 shows a remaining recordable time display screen 800, which the 
display control unit 23 makes the display 5-te display. 
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The remaining recordable time display screen 800 is mostly the same as the 
remaining recordable time display screen 400 in the first embodiment. What is 
different is a stream indicating area 810. The stream indicating area 810 comprises 
e^a stream-number display unit 811 which shows the number of streams that are 
recorded on the disk, and a instruction receiving field 812 for receiving users' a 
user' selection of a stream. The display control unit 23 obtains the number of 
streams to be shown for the stream-number display unit 811, based on the number 
of management data 7 1 , For the instruction receiving field 812, stream identifying 
information based on the contents in the stream ID 712 of the management data 71 
is displayed. Users refer A user refers to the stream IDs shown on the instruction 
receiving field 812, in the selection of a compressed stream data. The user 
instruction receiving unit 16 receives the contents of the user selection, and 
notifies the display control unit 23 of the choice. 

The display control unit 23 obtains "Wl'" which signifies the display 
location of the remaining recordable time 401 in the recording time chart 410 (i.e. 
which shows the ratio of the allocated area for the compressed stream data to the 
capacity of the optical disk), in a different manner as- than the display control unit 
13 in the first embodiment. In the first embodiment, the display control unit 13 
obtains "Wl" from information on the capacity of the optical disk and the size of 
free area. On the other hand, the display control unit 23 obtains "Wr" from the 
total time and the remaining recording time of the optical disk. That is, assuming 
the width "WO" of the recording time chart 410, the remaining recordable time 
"TO", and the total time assigned for recording "T": 

Wr=WO* ((T-TO)/T) 

Further, the display control unit 23 generates data for the stream display 
screen that shows the running time of the compressed stream data of u s ers* a user's 
choice from the stream indicating area 810, and displays the screen on the display 
5. 
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FIG. 9 is a representation of a stream display screen 900 that the display 
control unit 23 displays on the display 5. 

The structure of the stream display screen 900 is similar to the remaining 
recordable time display screen 800, except that an indicated stream part 911, 
5 which shows the running time of the compressed stream data of useFs ^a users 
choice, is added. (In this example, it is assumed that the stream b is selected.) 
"W2" of the indicated stream part 91 1 shows the ratio of the running time of the 
indicated stream indicated t o the total time of the optical disk, and "W3" shows the 
offset from the head of the disk to the location of the indicated stream. 
10 Wl and W2 are respectively obtained using the following formulae, 

assuming: "T.sub.n" as the n.sup.th stream, which was selected by a user; 
"T.sub.l", "T.sub.2" as the running time of the l.sup.st, the 2.sup.nd, . . . stream 
respectively; "T" as the total time of the disk; and "WO" as the width of the chart 
910, 

15 W2=W0*(T.sub.n/T) 

W3=W0*((T.sub.l+T.sub.2+T.sub.n-l)/T) 

Moreover, the stream display screen 900 is equipped with are producing 
instruction receiving unit 920, which is to receive an instruction to reproduce the 
selected compressed stream data of us^s ^a user's choice. This enables users to 
20 check the content of compressed stream data before deleting i tthe stream data . The 
display control unit 23, upon receiving an instruction from a user to reproduce the 
stream via the reproducing instruction receiving unit 920, sends an instruction to 
reproduce a_stream to the stream reproducing unit 14. The stream reproducing unit 
14t then sends the stream ID to the data read/write unit 1 1, and-makes it-tetgjthe 
25 data read/write unit 1 1 read out the compressed stream data which corresponds to 
the ID, decodes the data^ and sends the resulting video stream to the display 
control unit 23. The display control unit 23 displays the video stream on the 
display 5. 

(Operations) 
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The following is a description of the operation of the remaining recordable 
time calculation apparatus 2 with reference to the drawings. The same steps as 
those of the remaining recordable time calculation apparatus 1 in the first 
embodiment are assigned the same reference numbers and will not be described 
here. 

FIG. 10 is a flow chart showing the flow of the remaining recordable time 
calculation processes performed by the remaining recordable time calculation 
apparatus 2. 

The first two steps are common to the first embodiment, up to where a-the 
time calculation unit 22 starts its operation, and the data/read unit 1 1 reads out the 
content of the management data file 70 (S501, S502). 

The time calculation unit 22 obtains the total time period for which 
recording is possible on the optical disk 6, by performing a_calculation using the 
capacity of the optical disk 6 and the calculation parameters 300. Specifically, it 
the total time period for which recording is possible is calculated by first 
subtracting the estimate error value 32 fi-om the capacity of the disk, and then by 
dividing the obtained value by the time conversion parameter 3J_(S1001). Then, 
the time calculation unit 22 sets the initial value of the remaining recordable time 
to the resulting total time (S1002). 

Next, the time calculation unit 22 applies the process of subtracting the 
running time of stream from this initial value (SI 003) to each stream (S504, S505, 
S507). The resulting value from the above calculation is the remaining recordable 
time. Then, the time calculation unit 22 instructs the display control unit 23 to 
display the remaining recordable time display screen 800. 

The display control unit 23 first obtains the chart display location in the 
remaining recordable time display screen 800 (S510). 

Then, the display control unit 23 obtains the ratio of the already allocated 
area for the compressed stream data in the optical disk 6 (which will be "Wl", the 
display location of the remaining recordable time in the chart 910 ) by- using the 
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data on the remaining recordable time and the total time of the disk (SI 004). 
feThe display control unit 23 then combines the results and the screen format 
information to generate data for the remaining recordable time display screen 800, 
and thereby displays the remaining recordable time display screen 800 on the 
display 5 (SI 005). 

As mentioned before, the remaining recordable time calculation apparatus 2 
performs switching of the screen from the remaining recordable time display 
screen 800 to the stream display screen 900, or the stream reproduction. They are 
not explained, however, in FIG. 10 since these performances are optional. 

As explained above, the remaining recordable time calculation apparatus 2 
ifl-tM sof the second embodiment^ calculates the total time period for which 
recording is possible on the optical disk by subtracting the fluctuation which takes 
into consideration both the compression error and the unwritable area of the 
optical disk from the capacity of the disk . Then, tn-in order to obtain the remaining 
recordable time, i ^the remaining recordable time calculation apparatus 2 subtracts 
the running time of the compressed stream data stored on the optical disk from this 
total time period for which recording is possible. Therefore, this -the remaining 
recordable time calculation apparatus 2_can show users the amount of video 
streams expressed in time (i.e. remaining recordable time) that is guaranteed to be 
recorded on the disk. 

Moreover, being di s played since the stream display screen 900 in addition 
to the remaining recordable time display screen 800 are displayed , users can know, 
at a glance, the ratio of the remaining recordable time and the current use state of a 
disk, and the portion of the allocated area for a particular stream. This apparatus is 
also able to reproduce the content of the particular stream and display it-the 
reproduced stream for the user. 

(Variants of the s econd Second embodiment Embodiment^ 

(First ¥arift^ Variant of the second Second embodiment Embodiment ) 
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In the second embodiment, the remaining recordable time is calculated by 
simply subtracting the stream running time from the total time period for which 
recording is possible on an optical disk. However, even for streams having the 
same running time, the data amount can be different depending on the recording 
mode (i.e. bit rate) that is applied for the particular compressed stream data. Thus, 
an addition of information on the recording mode or the bit rate in the 
management data will be useful. 

FIG. 1 1 is a management data file 1 100 in this first variant form of the 
second embodiment. This management data file 1 100 is mostly the same as te-the 
10 management data file 70 depicted in FIG. 1 1 in its structure, except that "recording 
mode information 1 1 U " is added as a management data item. The recording mode 
information 1111 represents a ratio of the recording mode that is adopted in the 
compression of the corresponding stream to the standard bit rate in the standard 
mode (which is the same value as the time conversion parameter 3 1 of the 
15 calculation parameters 300), assuming this standard bit rate is 1. 

In FIG. 1 1, there are streams a.sub.2 and c.sub.2 that are recorded in the 
standard mode, and b.sub.2 which is recorded in the double mode. The total time 
period for which recording is possible on an optical disk is calculated by using the 
standard mode. In calculating the remaining recordable time, the time calculation 
20 unit 22 first multiplies the running time 712 of each compressed stream data by its 
corresponding recording mode information 1111, obtains the calculated sum of the 
running time of evefy -each compressed stream., calculated above, and subtracts the 
result from the total time period for which recording is possible on a disk. 
In the example of FIG. 1 1 example , if the total time period for which 
25 recording is possible on a disk is assumed to be 98 minutes, the remaining 
recordable time is obtained as follows: 
98-(20* 1+16*0.5+30* 1)=40 (min) 

If there are more than 3 -two kinds of bit rates, a total time period for which 
recording is possible on a disk is calculated based on the standard bit rate, using 
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the time conversion parameter 3]_of the calculation parameter 300 as the standard 
bit rate. The remaining recordable time calculation starts by adjusting the running 
time 712 of streams that are compressed at non-standard bit rates according to the 
ratio of the non-standard bit rates to the standard bit rate, and then subtracts the 
result from the total time of the disk. 

The bit rate (i.e. the recording mode) is recorded by the data read/write unit 
1 1 . The data read/write unit 1 1 acquires the recording mode or the value of the bit 
rate from the compression unit 15. Note that, the data read/write unit 1 1 does not 
have to add information on the recording modes or the bit rates to the management 
data, if the above operation is performed (i.e. storings as management data^ the 
running time of the compressed streams that are recorded by a_non-standard 
recording mode or non-standard bit rates after converting it into its corresponding 
value by using the standard recording mode or the standard bit rate). 

(Second variant Variant of the second Second embodiment Embodiment ) 

The recording mode or the bit rate information is recorded as management 
data in the first variant example. However, the recording mode or the bit rate 
information could be stored as part of management information in an optical disk. 

FIG. 12 shows an example of a_storing place and data structure of bit rate 
information- which is stored as part of the management information in an optical 
disk in accordance with the VR standard. 

FIG. 12(a) is a chart showing a data structure of an ordinary optical disk. 
Stream data and corresponding management data are stored in a_"Volume" area. 
Specifically, stream data is stored in a file "vr movie.vro", and management data 
is stored in a file "vr mangr.ifo". 

FIG. 12(b) shows a structure of the file vr mangr.ifo. The file vr mangr.ifo 
comprises such management data as corresponding addresses of recorded video 
streams, and date/time information thereof There is an area named "IT TXT" in 
the 'TXTDT MG" of the file vr mangr.ifo. Any kind of management data can be 
stored in the IT TXT area . Bit rate information in this second variant example is 
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set and stored in the IT TXT area . Each recorded stream data has corresponding 
information on the IT TXT area , and afl-a_pointer "IT_TXT_SPRN" which is 
management information set for evefyeach stored stream data individually, and 
identifies which information corresponds to which stream data. 

FIG. 12(c) shows an example of bit rate information set and stored in the 
IT TXT area, relating to its structures and contents. In this example, there are four 
bit rate information corresponding to four stream data, 1200a, 1200b, 1200c, and 
1200d, set in IT TXT (hereinafter referred to as "bit rate information 1200" if 
referred to collectively). 

The bit rate information 1200 comprises ef-a_tag 1210 (whose value is set 
in accordance with the RV standard), size information 1220 signifying a size of a 
piece of the bit rate information 1200 , and a data 1230. The above three 
components were defined as necessary components for data stored in the IT TXT 
area by the RV standard. Data- The data 1230 can be structured in any number of 
ways. Here, the data 1230 includes an application ID 123 1, a mode ID 1232, and a 
bit rate 1233. The application ID 1231 includes "BR, '' which is identification 
information showing that bit rate information is stored. The mode ID 1232 stores 
information on recording modes, and the bit rate 1233 stores actual bit rates for 
each recording mode. 

In the example of FIG. 12(c), the bit rate information 1200 shows the 
following: each of the bit rate information 1200a shows that a recording mode for 
a first stream data is a standard mode (i.e. ID:S, and a bit rate is 0.05 GB/min); the 
bit rate information 1200b shows that a recording mode of a second stream data is 
a long-period mode (i.e. ID:L, and a bit rate is 0.025 GB/min)r}Land the bit rate 
information 1200c shows that a recording mode of a third stream data is a high- 
quality mode (i.e. ID:X, and a bit rate is 0.10 GB/min). Finally^ the bit rate 
information 1200d shows that a recording mode for a fourth stream data is a fi-ee 
mode (ID:F, and a bit rate is 0.075 GB/min). The fi"ee mode enables users to set an 
arbitrary recording mode, within the range of 0.025 GB/min and 0.10 GB/min. 
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The data read/write unit 1 1 records the bit rate information 1200. ItThe 
data read/write unit 1 1 acquires a recording mode and a corresponding bit rate 
used in compression through the compression unit 15. 

The following is a description of the remaininR recordable time calculation 
using the above bit rate information. 

First, the data read/write unit 1 1 reads contents of the management data file 
70 and bit rate information stored in the IT TXT area . When reading the bit rate 
information, i^ the data read/write unit 1 1 identifies a location of each bit rate, 
according to the IT TXT SPRN of corresponding PGI. The data read/write unit 
1 1 then sends the management data and the bit rate information to the time 
calculation unit 22. 

The time calculation unit 22 calculates a total time of the disk from the 
management data and the calculation parameters. Specifically , the total time of the 
disk4 t is obtained by the following equation: 

(Disk capacity-estimate error value)/time conversion parameter (i.e. the 
standard bit rate, 0.05 GB/min) 

Then, the time calculation unit 22 adjusts a_running time for each stream 
data by taking into account ratios of each corresponding bit rate information to the 
standard bit rate, and subtracts the above adjusted running time from the total 
time, in order to obtain a remaining recordable time. For example, assume the 
running times of the four streams are 20 minutes, 30 minutes, 15 minutes, and 12 
minutes, respectively. The first stream was recorded by the standard mode 
according to the bit rate information 1200. Therefore^ there is no need for an 
adjustment for the first stream. The second stream^ recorded by the long-period 
mode (i.e. half bit rate as the standard bit rate), needs an adjustment by 
multiplying 30 minutes by 0.5. The third stream recorded by the high-quality 
mode (i.e. twice as much as the standard bit rate)^ needs an adjustment by 
multiplying 15 minutes by 2. The fourth stream recorded by the free mode (i.e. a 



28 



one and half as much as the standard bit rate) needs an adjustment by multiplying 
12 minutes by 1.5. 

Concretely, the remaining recordable time in this example is obtained from 
the following equation: 
5 98-(20+30*0.5+15*2.0+12*1.5)=15 (min) 

Note that, in this example, IT TXT SPRN in PGI determines which stream 
data each bit rate corresponds to. However, it is possible to set the same stream ID 
information as those in the management data as part of bit rate information, in 
order to identify to which stream each piece of bit rate information corresponds4e. 
10 It is also possible to set management data including both the stream ID and the 
running time information (the management data 71 in FIG. 7) inside the IT TXT 
area . In such cases, the management data file is unnecessary. As for the disk size 
information, it is required to use information stored in the management 
information. 

15 

3. Third Embodiment 

The following is a description of a remaining recordable time calculation 
apparatus pertaining according to the third embodiment of the present invention. 
The remaining recordable time calculation apparatus m4hi sof the third 
20 embodiment^ stores both size and running time information as management data in 
an optical disk. Then, the remaining recordable time calculation apparatus 
performs the same calculations as those in the first and second embodiments, 
thereby obtains obtaining t wo calculation results, and displays for usefs -users a 
shorter remaining recordable time of the two for users calculated remaining 
25 recordable times . 

FIG. 13 shows the components of a remaining recordable time calculation 
apparatus 3 m-of the third embodiment. The units performing the same operation 
as those of ift-the first and second embodiments^ are assigned the same reference 
numbers and will not be described here. Contents The contents of the management 
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data retained in the optical disk 6 and the operation of the time calculation unit 32 
are unique to this embodiment. 

First, the following is a description en- aof the management data retained in 
an optical disk 6 of this- the third embodiment. 

FIG. 14 is a diagram showing compressed stream data and management 
data recorded in the optical disk 6. The optical disk 6 includes three pieces of 
compressed stream data a, b, c, and their corresponding management data 141a, 
14 lb, 141c, respectively (hereinafter collectively referred collectively to as 
management data 141. 

The management data 141 is in a management data file 140, and the 
management data file 140 includes identification information 210 and disk size 
information 211 other than the management data 141 . 

The management data 141 comprises ef-the following three items: a stream 
ID_141 1 which identifies a corresponding compressed stream data; aLdata size 
1412 expressed in units of GBs; and running a_time 1413 expressed in units of 
minutes. Contents The contents of the data size 1412 coincide with those of the 
data size 2222 in the first embodiment, and the contents of the running time 1413 
coincide with those of the running time 712 in the second embodiment. The 
management data 141 shows that the data size and the running time of the three 
compressed stream data are: 1.03 GB, 20 minutes; 0.80 GB, 16 minutes; and 1.52 
GB, 30 minutes, respectively. 

The management data 141, as- sim ilar to t hat of the first and second 
embodiments, is generated by the data read/write unit 1 1 and is stored by the data 
read/write unit 1 1 in the optical disk 6. 

The following is a detailed description of a_remaining recordable time 
calculation performed by the time calculation unit 13 using the management 
datal41 and calculation parameters 300 . 
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First, the time calculation unit 32 performs the same calculation as in the 
first embodiment using the data size 1412 of each stream, in order to obtain the 
first kind of remaining recordable time. 

Specifically, the time calculation unit 32 starts the remaining recordable 
time calculation by calculating the amount of the free area ({circle over (1)}), 
obtains the size of the guaranteed area by subtracting the estimate error value 32 
from the amount of the free area ({circle over (2)}), and divides the size of the 
guaranteed area by the time conversion parameter 31 ({circle over (3)}), to finally 
obtain the remaining recordable time. 

The following is the equational representation: 

5.0-(l. 03+0.80+1.52)=!. 65 (GB) {circle over (1)} 

1.65-0.1=1.55 (GB) {circle over (2)} 

1.55 (GB)/0.05 (GB/min)=31 (min) {circle over (3)} 
Therefore, the first remaining recordable time is 31 minutes. 

Secondly, the time calculation unit 32 performs the same calculation as in 
the second embodiment using the running time 1413 of each stream, in order to 
obtain the second kind of remaining recordable time. 

Specifically, the time calculation unit 32 starts calculation by obtaining the 
total time ({circle over (1)}), and then i ^the time calculation unit 32 subtracts the 
sum of the total amount of the running time of each recorded data stream from the 
total time ({circle over (2)}). 

The following is the equational representation: 

(5.0 (GB)-O.l (GB))/0.05 (GB/min)=98 (min) {circle over (1)} 

98-(20+16+30)=32 (min) {circle over (2)} 
Therefore, the second remaining recordable time is 32 minutes. 

As it turned out, the shorter remaining recordable time of the two is the one 
that was calculated by using the size of compressed stream data. Accordingly, the 
time calculation unit 32 decides that this value "31 minutes" is to be shown for the 
user as the remaining recordable time. 
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The time calculation unit 32, upon completing the calculation, stores the 
resulting remaining recordable time and the contents of the management data file 
130 in a given area of the intemal memory 122- . The time calculation unit 32 
then it-orders the display control unit 23 to show the remaining recordable time on 
the display_5. 

(Operations) 

The following is a description en-of the operations performed by the 
remaining recordable time calculation apparatus 3 in tMs -the third embodiment 
with reference to drawings. Note that the same steps as the remaining recordable 
time calculation apparatus 1 or 2 are assigned the same reference numbers as those 
in the first or second embodiments, and will not be described here. 

FIG. 15 is a flow chart showing the flow of the remaining recordable time 
calculation performed by the remaining recordable time calculation apparatus 3. 

The first two steps are common to the first embodiment, up to where a-the 
time calculation unit 53-32 starts its operation, and the data/read unit 1 1 reads out 
the content of the management data file 70 (S501, S502). 

Then, the time calculation unit 32 calculates the remaining recordable time 
by using the amount of the fi-ee area in the optical disk (SI 501). This process is 
identical to those shown as steps S503-S507 in the flowchart (FIG. 5) relating to 
the first embodiment. 

Next, the time calculation unit 32 obtains the remaining recordable time by 
using the total time of the disk and the sum of the running time of each stream (a 
step S1502). This process is identical to those shown as steps S1001-S507 in the 
flowchart (FIG. 10) relating to the second embodiment. 

Then, the time calculation unit 32 compares the values calculated in the 
step SI 501 and tha-step SI 502 and decides the smaller value of the two to be the 
final remaining recordable time (SI 503), and orders the display control unit 23 to 
generate and display the remaining recordable time display screen 800. 
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The display control unit 23, in turn, displays the screen on the display^, 
whose specific process is identical to that of the display control unit 23 in the 
second embodiment (i.e. steps SI 004 and SI 005 in FIG. 10). 
(Conclusion) 

As explained above, the remaining recordable time calculation apparatus 3 
ift-thi sof the third embodiment calculates two kinds of remaining recordable timet-, 
one using the amount of free area in a optical disk, and the other from the running 
time of the compressed stream data in a disk- . The remaining recordable time 
calculation thereby shows users the shorter remaining recordable time of the two. 
10 Accordingly, i^ apparatus 3 is able to show users_a more assured value as a time 
period for which video streams can still be recorded on an optical disk. 

In this third embodiment, the remaining recordable time display screen 
displays the same content as that of the second embodiment. However, it is also 
possible to generate a remaining recordable time display screen using the capacity 
15 and the amount of the free area of an optical disk, as in the first embodiment. 
Although the present invention has been fiiUy described by way of 
examples with reference to the accompanying drawings, it is to be noted that 
various changes and modifications will be apparent to those skilled in the art. 
Therefore, unless otherwise such changes and modifications otherwise depart from 
20 the scope of the present invention, they should be construed as being included 
therein. 

It is to be noted that the concrete values or units shown in the above 
description relating to the various kinds of information such as the remaining 
recordable time, the disk size, the stream size, the running time, the estimate error, 
25 and the time conversion parameter are presented as-merely as an example. For 

instance, time can be expressed in units of seconds, frames, or fields, although it is 
represented as units of minutes in the description. Likewise, sizes can be expressed 
in units of bits, although gigabytes (GBs) are used in the description. 
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As for the estimate error value, it is expressed as a fixed value in units of 
GBs in the description. However, it is also possible to use the ratio for 
representations. The estimate error value also could be increased or decreased 
according to the ratio of the amount of free area to the disk capacity. Furthermore, 
the estimate error value could be adjusted to take into account a number of streams 
or a number of overwriting by using these conditions as parameters, since an 
unwritable area results because o f from the fragmentation of the area due to writing 
many small streams, or overwriting streams where a different stream was before. 
The bar chart used in the description to represent the remaining recordable 
10 time in the screens can be replaced by other charts such as a pie chart. 

Although an optical disk is presented as a recording medium in the 
description, recording media are not confined to optical disks. The present 
invention can also be applied to any recording media that can store data (such as 
video streams) that has a conception of time using a data compression technique. 
15 If there afa-is_more than one recording mode, the display screen can be 

arranged to show the remaining record time in each recording mode. The 
remaining recordable time 401, then, will be: "in the standard mode: ** minutes, 
in the long periods mode: ** minutes." 

As for the management dat a in addition, it is not necessary to record it-the 
20 management data on an optical disk as a management data file. It can be replaced 
with a part of management information recorded on an optical disk in accordance 
with standards for recording data to optical disks (such as the DVD recording 
standard). This implies that the remaining recordable time calculation is possible 
for optical disks where streams are recorded by different types of recording 
25 devices (i.e. devices that do not record/delete management data when 

recording/deleting streams). In this instance, the data read/write unit 1 1 has to 
perform the following process. 

After checking to see if a management data file exists on an optical disk, if 
the management data file does not exist, the data read/write unit 1 1 reads 
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necessary information (i.e. the disk size, the identification information, the size 
and/or the running time of each stream obtained from the time stamp information) 
out of the management information which is in accordance with the recording 
standards, and passes this information to the time calculation unit 12. 22, 32 . If the 
management data file exists, the data read/write unit 1 1 compares the number of 
streams (i.e. the number of management data in the management data file), and the 
number of streams indicated by the management information on the optical disk. 
The inconsistency between the two numbers means that a different type of 
recording device has been used to record or delete streams, which is not reflected 
in the management data. In such a_case, the data read/write unit 11, referring to 
necessary information from the management information in accordance with the 
recording standards, updates contents of the management data file in order to 
agree with the present state of the optical disk. Then the read/write unit 1 1 passes 
the updated contents of the management data file to the time calculation unit 12, 
22. 32 . 

Although the present invention has been fully described by way of 
examples with reference to the accompanying drawings, it is to be noted that 
various changes and modifications will be apparent to those skilled in the art. 
Therefore, unless such changes and modifications depart fi*om the scope of the 
present invention, they should be construed as being included therein. 
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Abstract of Di s closure 



To provide users with a_reliable remaining recordable time of a recording medium, 
a_calculation for the remaining recordable time is performed by dividing a free 
area size of the recording medium by a standard bit rate used for compressing 
video streams , where the . The free area size is obtained by subtracting an amount 
of already recorded stream data in the recording medium and an estimate error 
value from a capacity of the recording medium. 
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